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(54) Title: METHOD FOR PREPARING TELECHEL1C 1,3-DIENE OLIGOMERS BY THE CONTROLLED FREE RADICAL 
POLYMERIZATION OF 1,3-DIENES IN PRESENCE OF A STABLE FREE RADICAL 

(54)Titre: PRO CEDE DE PREPARATION D * OLIGOMERES DE 1,3-DIENE TELECHELIQUES PAR POLYMERISATION RADI- 
CALAIRE CONTROLEE DE 1.3-DIENES EN PRESENCE D'UN RADICAL LIBRE STABLE 

(57) Abstract 

The invention features a method for preparing telechelic 1 ,3-diene oligomers that consists in effecting the free radical polymerization 
of at least one 1 ,3-diene with a heat sensitive polymerization initiator such as hydrogen peroxide in the presence of a stable nitroxide radical. 
The invention also features as new products the said telechelic 1,3-diene oligomers and their use for obtaining di- or multi-blocks. 

(57) Abrege- 

La prdsente invention concerne un proc6de* de preparation d'oligomeres de 1,3-diene tdlecheUiques qui consiste a effectuer la 
polymerisation radicalaire d'au moins un 1,3-diene avec un amorceur thermosensible tel que l'eau oxygdnee en presence d'un radical 
nitroxyde stable. L'invention conceme dgalement a litre de produits nouveaux lesdits oligomeres de 1,3-diene t£l£ch£Iiques et leur utilisation 
pour l'obtention de copolymeres di- ou multiblocs. 
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Procede de preparation d'oligomeres de 1,3-diene telecheliques par 
polymerisation radicalaire controlee de 1 ,3-dienes en presence d'un 

radical libre stable. 

5 

La presente invention concerne un procede de preparation 
d'oligomeres de 1,3-di6ne telecheliques par polymerisation 
radicalaire de 1,3-dienes en presence d'un radical libre stable. 
L'invention concerne egalement £ titre de produits nouveaux lesdits 
10 oligomeres de 1,3-diene tSI6ch6liques et leur utilisation pour 
I'obtention de copolymeres di- ou multiblocs. 

Par oligomeres de 1,3-diene telecheliques on designe selon la 
presente invention des oligomeres porteurs a Tune de leurs 
extremites (ou aux deux) de groupes fonctionnels, capables de reagir 
15 avec d'autres molecules. 

A titre d'exemple de tels groupes fonctionnels, on peut citer les 
fonctions hydroxyle (-OH), cyano (-CN), amine (-NH2), carboxylique 
(-COOH). 

Une m6thode courante pour obtenir de tels oligomeres est 

20 d'effectuer la polymerisation radicalaire des 1,3-dienes en amorcant 
la polymerisation avec un amorceur radicalaire thermosensible tel 
que le peroxyde d'hydrogene (H2O2) ou un compose azodinitrile. 
La fonctionnalite est apportee ainsi par Tamorceur lui-meme (H2O2) 
ou peut r^sulter d'une reaction ulterieure (r6duction des fonctions 

25 nitrile apportees par I'azodinitrile en fonctions -CH2NH2). 

Ainsi, les oligomeres de 1 ,3-butadi6ne dihydroxytel6ch6liques sont 
obtenus industriellement par polym6risation radicalaire du butadiene 
amorcee par le peroxyde d f hydrog£ne en milieu alcoolique (US 
3,392,118 - US 3,427,366). 

30 Cette fapon d'op6rer conduit a des oligomeres ayant une 
polymol6cularit6 et une fonctionnalit§ moyenne 6IevSes. 
En formulation polyurethane, de tels produits conduisent a des 
materiaux plus ou moins reticules du notamment a un exc6s de 
fonctions hydroxyle. 

35 Les radicaux libres stables sont des composes qui ont 6t6 largement 
utilises dans le cas de la polymerisation radicalaire pour I'gtude des 
premieres Stapes d'addition. C'est-d-dire qu'ils ont permis de mieux 
connaitre I'Stape d'amorcage : I* + M -> IIVT 
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ou I est le radical issu de I'amorceur et M le monomere, en bloquant 
imm6diatement la croissance des radicaux IM*. 
La literature signale de nombreux exemples de telles etudes avec les 
5 monomeres tels les (meth)acrylates et le styrene (E.Rizzardo et al 
Aust.J.Chem., vol. 35, pp 2013-2024, 1982) ou les monomeres 
vinyl.ques (G.Moad et al. Polymer Bulletin, vol. 6, pp 589-593 
1982). 

A titre d'illustration de tels composes on peut citer le 2 2- 
10 diphenylpicrylhydrazyle (DPPH) et tout particulierement les 
nitroxydes. 

Les nitroxydes ont fit* Sgalement utilises en polym<§rsation 
radicalaire pour mieux controler I'etape de propagation et pour limiter 
les reactions de terminaisons classiques. 
15 Le mecanisme ci-apres est couramment propose : 

!• + M > IM- -M> IM* 2 >-->^...> > IM . 

4-tM ItM |t M ° 
IMT IM 2 T |M n T 

20 ou I est le radical issu de I'amorceur, M le monomere et T le 
nitroxyde. 

Selon I'equilibre especes actives-especes pieg<§es, le temps de 
polymerisation peut Stre considerablement allonge. Cet equilibre est 
deplace par la nature de T, le solvant et la temperature. Neanmoins, 
25 pour limiter les factions de terminaison, la concentration en especes 
actives doit rester faible. 

La polymerisation radicalaire en presence de nitroxyde a 6te tres 

Studiee notamment pour la polymerisation du styrene. 

Ainsi, dans la demande de brevet internationale WO 94/11412, on 
30 decrit un proc6de de polymerisation radicalaire du styrene, 

notamment en presence d'un radical libre stable et de peroxyde de 

benzoyle, comme amorceur de polymerisation. 

Les polystyrenes obtenus ont une polymolecularite dtroite (1,1 a 2) 

et des masses moteculaires 6levees (100 000 environ). 
35 Les references suivantes concernent <§galement la polymersiation 

radicalaire de monomeres tels que les polyolgfines (US 5,449,724), 

les (meth)acrylates d'alkyle (US 5,412,047) en presence' d'un 

nitroxyde. 
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On a maintenant trouve" un procSde de preparation d'oligomeres de 
1,3-diene tei6ch<§liques par polymerisation radicalaire control^, ledit 
proc<§de consistant a effectuer la polymerisation radicalaire d'au 
moins un 1,3-diene, en milieu disperse, avec un amorceur 
5 thermosensible tel que I'eau oxygenee ou un azodinitrile ; ledit 
procedS etant caracterise en ce que I'on opere en presence d'un 
radical libre stable. 

A titre d'illustration de 1,3-dienes utilisables selon la presente 
invention on peut citer, le 1,3-butadiene, le 2,3-dimethyH ,3- 
10 butadiene, Hsoprene, le 2-chloro1 ,3-butadiene. La presente 
invention concerne tout particulierement la polymerisation radicalaire 
du 1,3-butadiene. 

A titre d'illustration d'azodinitriles utilisables selon la presente 
invention comme amorceur de polymerisation, on peut citer : 
15 - le 2,2*-azobisisobutyronitrile, 

- le 2,2 , -azobis(2-methylbutyronitrile), 

- le 2,2'-azobis(2,4-dimethylvale>onitrile), 

- le 1,1 '-azobis(l-cyclohexanecarbonitrile). 

De preference on utilisera le 2,2'-azobisisobutyronitrile designe ci- 
20 apres par AIBN. 

A titre d'illustration de radicaux libres stables utilisables selon la 
presente invention, on peut citer les radicaux nitroxydes stables, qui 
comprennent le groupement =N-0*. Selon la presente invention, le 
radical nitroxyde stable est choisi parmi les composes representee 
25 par les formules suivantes : 




R 






O. 



O. 



O. 
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(CH,), 



'n 




R6 



V 



R4 / 



R3 x 



0. 




C 



N 



O. 



dans lesquelles R1, R2, R3, R4, R'1 et R*2, identiques ou differents, 
5 representent un atome d'halog£ne tel que le chlore ou le brome, un 
groupement hydrocarbon^ lineaire, ramifie ou cyclique, sature ou 
insature ayant un nombre de carbone allant de 1 a 10 tel qu'un 
radical alkyle, cycloalkyle ou phenyle, ou un groupement ester - 
COOR ou un groupement alcoxyle -0R f ou un groupement phosphate 
o -P(0)(OR)2 dans lesquelles R est un radical aliphatique sature ayant 
un nombre de carbone allant de 1 d 3 ; et dans lesquelles R5, R6, 
R7, R8 # R9 et R10, identiques ou differents, peuvent avoir la meme 
signification que R1, R2, R3, R4, R # 1 et R'2 ou bien representent un 
atome d'hydrogene, un groupement hydroxyle- OH ou un 
5 groupement acide tel que -COOH, -P(0)(OH)2 ou -SO3H. 
A titre d'illustration de tels nitroxydes on peut citer : 

- le 2,2,5,5-t6tram6thyl-1-pyrrolidinyloxy (PROXYL), 

- le 2,2,6 / 6-t6tram6thyl-1-pip6ridinyloxy # g6n6ralement 
commercialism sous la denomination TEMPO, 

0 - le N-tertiobytyl-1-ph6nyl-2 methyl propyl nitroxyde, 

- le N-tertiobutyM-(2-naphtyl)-2-m6thyl propyl nitroxyde, 

- le N-tertiobutyl-1-di6thylphosphono-2,2-dimethyl propyl nitroxyde, 

- le N-tertiobytyl-1-dibenzylphosphono-2,2-dim6thyl propyl nitroxyde, 

- je N-ph6nyI-1 -diethyl phosphono-2,2-dim6thyl propyl nitroxyde, 
5 - le N-ph6nyl-1 -diethyl phosphono-1 -methyl ethyl nitroxyde, 

- le N-(-1-phenyl2-methylpropyl)-1 diethylphosphono-1 -methyl ethyl 
nitroxyde 

On utilisera de preference le TEMPO. 
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Selon un mode prefere de I'invention, on effectue la polymerisation 
en milieu disperse en melangeant I'amorceur et le radical libre stable 
dans un solvant puis on introduit dans le milieu reactionnel ayant et<§ 
prealablement purge* et/ou degaze" le 1 ,3-diene. 
5 La reaction est menee sous des pressions allant de 5 bars a 50 bars 
et, de preference, comprises entre 10 bars et 30 bars. 
Apres Introduction du 1,3-diene, on porte le milieu reactionnel a 
une temperature comprise entre 100°C et 150°C et, de preference 
comprise entre 110°C et 135°C ; pendant une duree qui est au 
io moins egale a 1 heure et, de preference comprise entre 1h30min et 
6 heures. 

Selon la presente invention, on utilise des quantity molaires 
d'amorceur comprises entre 0,1 % et 10 % et, de preference 
comprises entre 0,2 % et 4 % par rapport au 1,3-diene mis en 
15 oeuvre. 

Selon la presente invention, on utilise des quantites molaires de 
radical libre stable telles que le rapport molaire radical libre 
stable/amorceur est compris entre 0,05 et 5 et, de preference 
compris entre 0,1 et 2,5. 

20 A titre d'illustration de solvants utilisables selon la presnte invention, 
on peut citer les alcanes ; les solvants aromatiques tel que le 
benzene, le toluene ; les alcools tels que Methanol, le propanol, 
Tisopropanol, le cyclohexanol ; les cetones tels que I'acetone, la 
methylethylcetone ; les ethers tel que le dioxanne ; les glycols et 

25 Others de glycol tels que le dimethylether de Methylene glycol (glyme) 
ou un melange d'au moins deux des composes precit^s. 
Dans le cas ou I'amorceur est I'eau oxygenee, qui se trouve etre 
generalement en solution aqueuse, on prefere utiliser comme solvant 
des alcools tels que I'isopropanol ou des cetones tels que la 

30 methylethylcetone. 

Dans le cas ou I'amorceur est un azodinitrile, on prefere utiliser des 
solvants aromatiques tels que le benzene ou le toluene. 
Selon les conditions de polymerisation, et en particulier la duree, la 
temperature, les quantites des reactifs notamment d'amorceur et de 

35 radical libre stable on^peut obtenir des masses moleculaires 

moyennes en nombre Mn differentes et des taux de conversion 
differents. 
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Ainsi, pour des concentrations molaires donn£es d'amorceur et de 
radical libre stable, la masse moteculaire moyenne en nombre Mn et 
le rendement augmentent lorsque la temperature augmente pour un 
temps de polymerisation fixe. La fonctionnalite" en radical libre stable 
5 est voisine de 1 . 
Selon la presente invention, les oligomeres de 1,3-diene 
tetecheliques obtenus presentent la formule generate suivante : 

['Ir-Mn-fo-N'L-x (I) 

10 

dans laquelle x est compris entre 1 et 2 et n est compris entre 1 et 
500, 

I represente soit un hydroxyle -OH dans le cas ou I'amorceur est 
H 2 0 2 , 

15 soit un reste organique monovalent comportant un groupement 
nitrile -CN, dans le cas ou I'amorceur est un azodinitrile. Ainsi, dans 
le cas ou cet amorceur est I'AIBN, I = NC-C(CH 3 ) 2 -. 
M represente un reste divalent de 1,3-diene. Ainsi, dans le cas du 
butadiene, du fait que les 1,3-dienes peuvent se polymeriser en 1,4 

20 et en 1,2, on aura les configurations, cis et trans dans le cas de la 
polymerisation en 1 ,4 : 



- configuration trans : -CH 2 -CH 

^■CH-CH 2 - 

25 

CH = CH 



- configuration cis : -CH 2 ^CH 2 - 

et la formation de double liaisons de type vinylique pendante, dans le 
30 cas de la polymerisation 1,2 : 

- CH 5 -CH- 

I 

CH = CH 2 

On a une distribution statistique des trois structures avec un 
35 pourcentage molaire de doubles liaisons de type vinylique voisin de 
20 %. 



WO 97/46593 




PCT/FR97/00973 



7 



Ainsi, avec le butadidne, la formule generate (I) des oligom6res est la 
suivante : 

['M C H2-CH = CH-CH 2 J^CH 2 .CH_J-_{o-N<] 2-x 

5 I 

CH = CH 2 

Le proc6de selon la presente invention permet d'obtenir des 
oligom6res de 1,3-di6ne teiecheiiques ayant des masses molaires 
10 moyennes en nombre Mn au plus egales a 30 000 et, de 
preference, comprise entre 500 et 10 000. La polymolecular^ 
Mw /Mn est inferieure a 2 et, de preference comprise entre 1,1 et 
1,9. 

Cette polymolecular^ est inferieure a celle obtenue, toutes choses 
15 egales par ailleurs avec une polymerisation en absence de radical 
libre stable. 

Selon la presente invention, les oligom&res de 1,3-diene 
teiecheiiques de structure (I) peuvent etre rSduits notamment par un 
syst^me zinc/acide acetique, m6thode classique utilis^e pour la 
20 reduction des alkoxyamines R-0-N<. De cette facon, on obtient 
d'une manure quasi quantitative des oligomeres de 1,3-diene 
difonctionnels teiecheiiques de formule g6n6rale : 

25 

L* amine H-N< obtenue peut etre r6oxydee en nitroxyde et ainsi peut 
etre h nouveau utilisee comme radical libre stable. 
Cependant, cette fapon d'operer presente quelques inconvenients 
tels que notamment des risques d'ac6tolyse. Elle comporte 
30 egalement une operation couteuse qui est la regeneration du 
nitroxyde. 

On a maintenant trouvS qu'il etait possible de soumettre I'oligomere 
de 1,3-di6ne teiech6lique de formule (I) d un traitement thermique. 
On porte ledit oligomdre de formule (I) tel quel, ou bien encore en 
35 solution dans un solvant inerte, h une temperature au moins 6gale d 
150°C et,, de preference comprise entre 160°C et 180°C pendant 
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une dur6e qui peut aller de 4 heures a 24 heures sous pression 
reduite. 

On libdre te nitroxyde de facon quantitative avec une purete 
superieure a 80 % et on obtient un oligomere de 1,3-di6ne 
5 telech^lique de formule : 



dans laquelle I est le residu de I'amorceur (-OH, par exemple, dans le 
cas ou I'amorceur est I'eau oxygen^e), X un residu de I'amorceur ou 
d'une reaction de dismutation ; m represente le nouveau degre de 

10 polymerisation moyen en nombre et est compris entre 1 et 1000. 
Les oligomeres de formule (III) presentent gen6ralement des masses 
moleculaires moyennes en nombre Mn superieures aux oligomeres 
de formule (II) obtenus par reduction des alkoxyamines. lis 
presentent egalement une polymol6cularite superieure. 

15 Le nitroxyde peut etre aisement recupere notamment par sublimation 
ou distillation dans le cas ou le traitement thermique est effectue 
sans solvant ou bien encore par extraction a I'aide d'un solvant 
selectif lorque Ton effectue le traitement thermique en milieu 
solvant. 

20 Les oligomeres de 1,3-di6ne telecheliques de formule (I) peuvent etre 
avantageusement utilises pour la preparation de copolymeres di-ou 
multiblocs. 

En effet, la polymerisation radicalaire du 1,3-diene en presence d'un 
radical libre stable m6ne d un bloc termine alkoxyamine jouant le role 

25 de macroamorceur. 

On peut m6langer un bloc de formule (I) avec un monomere 
polymerisable B tel que le styrene, Tamethylstyr^ne, le parachloro- 
m6thyl-styr6ne, le vinyltolufene ou un 1,3-didne different et effectuer 
la polymerisaiton dudit monomere en presence de I'oligomere de 

3 0 formule (I) et obtenir un copolym£re bloc de formule : 



Dans T6ventualite ou I'amorceur est H2O2* I est 6gal h -OH et si Ton 
35 realise la reduction de Talkoxyamine par le couple Zn/acide acStique, 
on aura un copolymfere dibloc MB teiecheiique de formule : 




(III) 




(IV) 
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La realisation de tels copolymers blocs s'effectue de preference en 
masse, par chauffage de I'oligomere de formule (I) avec le 
5 monomere polymerisable B a une temperature au moins egale a 
100°C et de preference comprise entre 110°C et 150°C, de 
preference sous atmosphere inerte. 

On peut operer a pression atmospherique ou sous pression. 
Les parametres de la polymerisation tels que la concentration en bloc 
10 d'oligomere de formule (I), la temperature et le temps de 

polymerisation permettent de rdgler la longueur du bloc B et du 

degre de polymerisation p. 

Les exemples qui suivent illustrent I'invention : 

> L'indice de polymolecular^ Ip est le rapport de la masse 
15 moleculaire moyenne en _poids Mw sur la masse moleculaire 

moyenne en nombre Mn qui ont ete d6termin6es par 
chromatographic par permeation de gel (CPG). L'6talon est le 
polystyrene ramene en equivalent polybutadidne. 

> L'indice d'hydroxyle Iqh* exprime en meq/g, a ete determine par 
20 acetylation par I'anhydride acetique en milieu pyridinique. 

> Les produits ont ete identifies par resonance magnetique nucieaire 
(RMN) du proton ( 1 H) sur un appareil BRUCKER® AC 

La frequence pour le proton est egal a 250 MHz 
CDCI3 a ete utilise comme solvant. 
25 EXEMPLE 1 

Dans un reacteur en inox de 300 ml muni d'une agitation, d'un tube 
d'introduction, d'une double enveloppe dans laquelle circule un fluide 
caloporteur, de prises de temperature et de pression, on introduit : 
9,07 g d'eau oxygenee a 30 %, soit 0,08 mole de H2O2 
30 100 %, 

1,88 g (soit 0,012 mole) de 2,2,6,6-tetramethylpiperidinyloxy 
(ei-apres design6 par TEMPO) et 33,7 g (soit 0,56 mole) 
d'isopropanol. 

Le r6acteur est ferme puis purge a I 1 azote pendant 15 minutes. 
35 On introduit ensuite dans le r6acteur 54 g (soit 1 mole) de butadiene 
a -40° C. 
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Le milieu reactionnei est chaufte d 130° C puis maintenu pendant 4 
heures a cette temp6rature. Pendant ce temps, la pression passe de 
26 bars a 19 bars. On refroidit le milieu reactionnei d temperature 
ambiante puis on d6gaze. Le brut reactionnei est d6cant6 en 24 
5 heures. La phase organique la plus dense est recuperee puis 
evaporee sous pression r6duite £ 40° C dans un 6vaporateur rotatif 
puis sous une pression de 0,01 bar a environ 25° C. On obtient 27 
g d'un oligomere de 1 ,3-butadiene 2,2,6,6-t6tramethylpiperidinyloxy- 
hydroxytetechelique qui presente les caracteristiques physicochimi- 
10 ques suivantes : 
Mn (CPG) = 1700 
lp = 1,7 
> RMN du 1H 

5=1,15 ppm (doublet) 12 H des CH3 du TEMPO 
15 5 = 3,55 £ 4,32 ppm (multiplet) -CJJ2O- 
5 = 4,8 a 5,1 ppm (multiplet) -CH = CJd2 

5 = 5,25 a 5,7 ppm (massif) -CH = CH- (cis et trans) et -CH = CH2 
L'integration permet d'attribuer d I'oligom&re la formule suivante : 



25 

dans laquelle n = 30. 

Iqh - 0'61 meq/g ce qui correspond a une fonctionnalite moyenne 
en fonctions hydroxyle de 1,03 calcul6e £ partir de Mn obtenue par 
CPG. 
3 0 EXEMPLE 2 

Dans un tricol de 100 ml, muni d f un thermomdtre, d'un refrigerant et 
d'une agitation contenant 20 ml d'acide acetique, on introduit 5 g de 
I'oligomere de 1,3-butadi6ne 2,2,6,6-t6tram6thylpip6ridinyloxyhydro- 
xyt6l6ch6lique obtenu dans I'exemple 1. 
35 Le melange est chauff6 k 80° C, puis 1 g de zinc en poudre est 
introduit en une fois. Apr6s 2 heures de r6action, le milieu est filtr6. 
Le filtrat est concentre sous pression r6duite jusqu'd poids constant. 
Le residu est dissous dans de Thexane, puis extrait par une solution 



20 
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d'acide chlorhydrique a 10 %. La phase organique est sSchee sur 
sulfate, puis evaporee sous pression reduite a 40° C en evaporateur 
rotatif. 

On obtient 4,8 g d'un oligomere de 1,3-butadiene 
5 dihydroxytdl6ch6lique. 
L'analyse par RMN du proton indique la disparition du cycle 
piperidinyle et I'integration permet d'attribuer a I'oligomere la 
formule suivante : 




15 

dans laquelle n = 30. 
[OH = 1,18 meq/g 
Mn (CPG) = 1700. 
Ip = 1,7. 

20 La fonctionnalite moyenne en fonctions OH, calculee a partir de Mn 
(CPG) est egale a 2. 

EXEMPLE 3 (NON CONFORME A L'lNVENTION) 

On opere comme dans I'exemple 1 mais en abscence de TEMPO. 
Dans le reacteur utilise dans rexemple 1, on introduit 
25 - 9,07 g d'eau oxygenee a 30 %, soit 0,08 mole de H2O2 100 % et 
- 33,7 g (soit 0,56 mole) d'isopropanol. 

Le reacteur est ferm<§ puis purge a I'azote pendant 15 minutes. 
On introduit ensuite dans le reacteur 54 g (soit une mole) de 
butadiene a -40° C. 
30 Le milieu reactionnel est chaufte a 130° C puis maintenu 1h30 min 
a cette temperature. 

Pendant ce temps, la pression passe de 26 bars a 1 6 bars. 
On refroidit le milieu reactionnel a temperature ambiante puis on 
degaze. Le brut reactionnel est decant<§ en 24 heures. La phase 
3 5 organique la plus dense est recuperee puis evaporee sous pression 
requite a 40° C dans un evaporateur rotatif puis sous une pression 
de 0,01 bar a envrion 25° C. 
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On obtient 35 g d'un oligomere de 1 ,3-butadiene dihydroxy- 
teMechelique qui pr§sente les caracteristiques physicochimiques sui- 



Mn (CPG) = 2800 
5 Ip = 2,8 
> RMN du 1H 

5 = 3,55 a 4,2 ppm (multiplets) -CH2O- 
8 = 4,8 a 5,1 ppm (multiplet) -CH = CH.2 

6 = 5,25 a 5,7 ppm (massif) -Ctl=CH- (cis et trans) et -CH = CH2. 
10 L'integration permet d'attribuer a I'oligomere la formula suivante : 



dans laquelle n = 52 
'OH = 0-84 meq/g 

La_ f onctionnalite moyenne en fonctions OH, calculee a partir de 

Mn (CPG) est 6gale a 2,35. 
20 EXEMPLE 4 

> Recuperation du TEMPO selon la pr6sente invention. 

On traite 250 g de I'oligomere de 1 ,3-butadiene 2,2,6,6- 

tetram6thylpip6ridinyloxyhydroxvt6l6ch6lique pr6par6 selon I'exemple 

1 et pr6sentant des caracteristiques physicochimiques identiques, a 
25 165° C sous une pression r6duite de 5 mbar dans un 6vaporateur a 

couche mince pendant 5 heures. 

Le produit recupe>6 de maniere quasi quantitative pr6sente les 
caracteristiques physicochimiques suivantes : 
Mn (CPG) = 2200 
30 Ip - 3,4 
lOH = 0-59 

L'analyse RMN du 1 H montre la disparition totale du cycle 
pipe>idinyle. 

La fonctionnalite moyenne en fonctions OH, calculee a partir de Mn 
35 (CPG) est 6gale a 1,29. 



vantes : 



Hz-CKssCH-CHzJ (-CH2"— CH-] — OH 

°- 8n JL J 0.2n 
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Le TEMPO est recupere en totalite en tete de I'evaporateur avec une 
purete d 'environ 80 % contrdlee par chromotographie liquide sur 
colonne KROMASIL C18. 
EXEMPLE 5 

5 Dans le reacteur utilise dans I'exemple 1, on introduit : 

- 1,64 g (soit 0,01 mole) d'azobisisobutyronitrile (designe ci 
apres par AIBN), 

- 2,93 g (soit 0,019 mole) de TEMPO et 

- 43,7 g (soit 0,56 mole) de benzene. 

10 Le reacteur est ferme puis purg6 a I'azote pendant 15 minutes. 

On introduit ensuite dans le reacteur 54 g (soit une mole) de 
butadiene a -40° C. 

Le milieu reactionnel est chauffe a 130° C puis maintenu 4 heures a 
cette temperature. 
15 La pression reste constante a 27 bars durant cette periode. 

On refroidit le milieu reactionnel a temperature ambiante puis on 
degaze. 

Le brut reactionnel est evaporg sous pression reduite a 40° C dans 
un evaporateur rotatif, puis sous une pression reduite de 0,01 bar a 
20 environ 25° C. 

On obtient 13,5 g d'un oligomere de 1 ,3-butadiene cyano,2,2,6,6- 
tetramethylpipendinyloxytelechelique qui presente les caracteristi- 
ques physicochimiques suivantes : 
Mn (CPG) = 850 
25 Ip = 1,3 
> RMN du 1H 

5 = 1,15 ppm (doublet) 12H de CH3 du TEMPO 

6 = 1,30 ppm (multiplet) 6H de CH3 de I'AIBN 

5 = 4,8 a 5,1 ppm (multiplet) - CH = CM2 

30 5 = 5,25 a 5,7 ppm (massif) -CH = CH- (cis et trans) et -CH = CH2- 

6 = 4,20 a 4,30 ppm (massif) terminaison aminoxyle. 



L'integration permet d'attribuer a I'oligomere la forumule suivante : 
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dans laquelle n = 10 
EXEMPLE 6 

5 Le produit de I'exemple 5 est soumis a une reduction par le zinc en 
milieu acide acetique selon les conditions operatoires de I'exemple 2. 
On obtient un oligomere de 1 ,3-butadiene cyanohydroxyt6l6ch6lique. 
L" analyse par RMN du proton indique la disparition du cycle 
piperidinyle et I'intdgration permet d'attribuer a I'oligomere la 
io formule suivante : 




15 

EXEMPLE 7 (non conforme a l'invention) 
On opere comme dans I'exemple 5, mais sans TEMPO. 
Dans le reacteur on introduit 
- 1 ,64 g (soit 0,01 mole) d'AIBN et 
20 - 43,7 g de benzene. 

Le reacteur est ferme puis purge a I'azote pendant 15 minutes. 

On introduit ensuite dans le reacteur 54 g (soit une mole) de 

butadiene a -40° C. 

Le milieu est chauff§ a 130° C puis maintenu a cette temperature 
25 pendant 1h30min. 

La pression reste constante a 27 bars pendant cette pe>iode. 

On refroidit le milieu r6actionnel a temperature ambiante puis on 

degaze. 

Le brut reactionnel est evapore sous pression r6duite a 40° C dans 
3 0 un evaporateur rotatif, puis sous une pression r6duite de 0,01 bar a 
environ 25° C. 

On obtient 15 g d'un oligomere de 1 ,3-butadiene dicyanotel6che- 
lique qui pr^sente les caract^ristiques physicochimiques suivantes : 
Mn (CPG) = 1000 
35 Ip = 2,3 

> RMN du 1H 

6 = 1,30 ppm (doublet) 12H de CH3 du AIBN 
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6 = 4,8 a 5,1 ppm (multiplet) -CH = CH 2 

5 = 5,25 a 5,7 ppm (massif) - CH = CH (cis et trans) et -CH = CH2 
L'integration permet d'attribuer a I'oligomere la formule suivante : 

5 K S fc^-CHr^H-C^J Cch,— tjhJ U 

dans laquelle n = 18. 
io EXEMPLES 8 ET 9 

On opere comme dans I'exemple 1 (meme quanta de reactifs) mais 
selon des conditions operatoires differentes. 

Ces conditions et resultats obtenus sont reportes dans le tableau 1 
ci-apres : 



15 





Conditions < 


Dperatoires 


Mn 


Rendement 


Ip 




Temperature 
(°C) 


Dur6e 
(heures) 


(CPG) 


(%) 
25 


1,7 


Exemple 8 


120 


4 


1650 


Exemple 9 


110 


4 


1360 


13 


1,7 



20 



EXEMPLE 10 

> Utilisation de I'oligomere du 1,3-butadiene-2,2,6 6- 
tetramethylp,peridinylox V hydroxyt6lech6lique obtenu dans I'exemple 
1 pour la synthese d'un copolymere dibloc butadiene styrene 
Dans un tricol de 100 ml muni d'un refrigerant, d'une agitation et 
d'une arr.vee d'azote on introduit 10 g de I'oligomere obtenu dans 
I'exemple 1 puis 30 g de styrene. 
On purge a I'azote. 

25 Le milieu reactionnel est chauffe a 130° C puis maintenu pendant 
7h30min a cette temperature. 

Apres refroidissement, le milieu reactionnel est verse dans 500 ml de 
methanol. 

Le produit prScipite* est lave" puis s6che\ 

30 On obtient 17,5 g d'un produit qui pr6sent e les caracteristiques 
physicochimiques suivantes : 
Mn (CPG) = 4000 
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lp = 1,7, 

L'oligomere de depart a totalement disparu (analyse CPG) 
> RMN 1H 

L'analyse par RMN du 1 H permet de calculer les proportions exactes 
5 en butadiene et styrdne a partir des massifs a 6,9 ppm (protons des 
noyaux aromatiques du styrene) et a 5,4 ppm et 5 ppm (protons 
ethyleniques du bloc poly butadiene). 

Les pourcentages massiques et molaires sont les suivants ; 
- pourcentage molaire de butadiene ; 31,5 %. 
10 - pourcentage massique de butadiene : 19,3 %. 
soit la composition du copolymere bloc : 
Mn du bloc polybutadiene : 1 700 
Mn du bloc polystyrene : 7100. 

Ce copolymere bloc peut etre represents par la formule ci-apres : 



15 



20 




Evaluation des Dropri6t6s mecanique s des pnlyurethanes obtenus 
avec les oligomeres de 1 .3-butadiene Hi hvdroxytftl6ch6liques ohtentis 
selon les exemples 2 et 4. 

Nous avons r6a\\s6 des polyurethanes a partir des produits suivants : 

25 

- PB2 : oligomere de 1 ,3-butadiene dihydroxyt^lechelique de 
Texemple 2 

- PB4 : oligomere de 1 f 3-butadiene dihydroxytel§chelique de 
I'exemple 4 

30 

- Poly Bd® R45HT et Poly Bd® R20TLM : oligomeres de 1,3- 
butadiene dihydrotelecheliques commercialises par la societe ELF 
ATOCHEM S.A. 

Ces 4 oligomeres ont 6t6 polycondenses avec le methylene 
3 5 diisocyanate (ci-apres design6 par MDI) en utilisant un rapport 
molaire de fonctions -NCO sur fonctions -OH egal d 1,05. 
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Les caracteristiques des differents oligomeres de depart ainsi que les 
quantity de MDI utilises pour chaque essai sont reportes dans le 
tableau 2. 
Dans ce tableau : 

5 - Mn est lajriasse moyenne en nombre determinee par CPG 

- |p = Mw /Mn 

- Iqh est I'indice d'hydroxyle exprimee en meq/g determinee 
par acetylation. 

- masse de MDI (en g) calculee pour 50 g d'oligomere mis en 
10 oeuvre : 



OLIGOMERE 


Mn 


Ip 


KOH) 
(meq/g) 


Masse de MDI 

(g) 


R45HT 


2 800 


2,9 


0,84 


6,02 


R20LM 


1 220 


3 


1,69 


11,6 


PB2 


1 700 


1,7 


1,18 


8,24 


PB4 


2 200 


3,4 


0,59 


4,38 



TABLEAU 2 

Synthese des polyurethanes 

Dans un reacteur en verre muni d'une agitation mecanique, d'un 

thermocouple et d'une prise de vide, on charge 50 g d'oligomere de 
15 1,3-diene dihydroxyt6l6chelique. 

L'oligomere est degaze a 80°C sous une pression reduite 6gale a 10 

mbar pendant 1 heure. Puis il est ramen6 & 50°C. 

On charge ensuite en une fois la masse de MDI necessaire telle que 

mentionne dans le tableau 2. 
20 Le MDI a et6 prealablement chauffe a 50°C environ, de meme que le 

recipient qui sert a la pes6e (ie point de fusion du MDI se situant 

vers 45 °C). On agite le milieu reactionnel sous pression reduite 

pendant 4 a 5 minutes, de facon a obtenir un melange homogfene 

exempt de bulles. 

2 5 Le reacteur est ouvert et le melange est coule dans un moule en 
inox, de dimensions 100 x 100 x 2 mm prealablement enduit d'un 
agent de d6moulage. 

Le produit est abandonn6 24 heures & temperature ambiante, puis 
trait6 24 heures b 80° C en 6tuve ventil^e puis 48 heures & 
30 temperature ambiante avant d'effectuer le d6coupage d'altferes 
normalis6es S l'emporte-pi6ce, sur lesquelles nous avons mesur6 
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I'allongement a la rupture e (exprime en %) et la contrainte a la 
rupture ct (exprime en MPa) selon la norme ISO 527 : 1993 type 
1BA (cellule de mesure de 1 kN et Vitesse de traction egale a 5 
mm/mn). 

5 Les resultats obtenus sont rassembles dans le tableau 3 ci-apres. 
Dans ce tableau 3, nous avons egalement reporte le taux d 'insoluble 
Tl exprim6 en %. 

Ce taux d'insoluble a ete obtenu selon le protocole operatoire 
suivant : 

io On pese dans un ballon environ 1 g de polyurethane pr<§leve dans 
une plaque, synthetisee comme decrit precedemment, et 1 00 ml de 
DMF. Le melange est porte au reflux pendant 24 heures. 
On filtre la solution ainsi obtenue, la partie insoluble de polyurethane 
est place dans une etuve a vide pendant 6 heures a 80°C. 

15 Le residu insoluble seche est ensuite pes<§ pour determiner le taux 
d'insoluble par division par la masse de polyurethane initialement 
introduit. 



POLYURETHANE 


PROPRIETES 


MECANIQUES 


Tl 


OBTENU AVEC : 


£ (%) 


a (MPa) 


(%) 


R 45 HT 


1 20 ± 20 


0,97 ± 0,1 


80 


R 20 LM 


1 38 ± 24 


0,96 ±0,1 


85 


PB - 2 


195±21 


0,86 ±0,1 


55 


PB-4 


192 ±23 


0,89 ±0,1 


62 



TABLEAU 3 
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REVENDICATIONS 



1. Procede de preparation d'oligomeres de 1,3-diene telecheliques 
5 par polymerisation radicalaire contrdlee, ledit procede consistant 
a effectuer la polymerisation radicalaire d'au moins 1,3-diene, 
en milieu disperse avec un amorceur thermosensible tel que 
I'eau oxygenee ou un azodinitrile, ledit procede etant caracterise 
en ce que I'on opere en presence d'un radical libre stable. 
10 2. Procede selon la revendication 1, caracterise en ce que le 
radical libre stable est un radical nitroxyde stable qui comprend 
le groupement =N-0*. 
3. Procede selon la revendication 2, caracterise en ce que le 
radical nitroxyde stable est choisi parmi les composes 
15 representes par les formules suivantes : 



R 6 

-Ur, 



7\ 



N' R 1 

O. 



R 9 R 
r V 10 



I .R- 



i 

O. 



./ 



1/ 



R. 



N 
O. 



R. 



20 



18 / \ .R7 




R 



(CHJ 
2 n 



\,*5 



N 

t 

O. 



/ N \ 



, R '1 
C R, 

R 1 



R 1 ^ R 2 
C 

! : 

N 

I 

0. 



dans lesquelles, R1, R2, R3, R4, R'1 et R'2, identiques ou 
differents, representee un atome d'halogene tel que le chlore 
25 ou le brome, un groupement hydrocarbone lineaire, ramifie ou 
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cyclique, sature ou insature ayant un nombre de carbone allant 
de 1 a 10 tel qu'un radical alkyle, cycloalkyle ou phenyle, ou un 
groupement ester -COOR ou un groupement alcoxyle -OR, ou uri 
groupement phosphate -P{0)(OR)2 dans lesquelles R est un 
5 radical aliphatique sature" ayant un nombre de carbone allant de 
1 a 3 ; et dans lesquelles R5, R6, R7, R8, R9 et R10, identiques 
ou differents, peuvent avoir la meme signification que R1, R2, 
R3, R4, R'1 et R'2 ou bien represented un atome d'hydrogene, 
un groupement hydroxyle- OH ou un groupement acide tel que - 
10 COOH, -P(0)(OH) 2 ou -S0 3 H. 

4. Procede selon Tune des revendications 2 ou 3, caracterise en ce 
que les radicaux nitroxydes stables sont : 

- le 2,2,5,5-tetramethyM-pyrrolidinyloxy (PROXYL), 

- le 2,2,6, 6-tetram6thyl-1-pip£ridinyloxy, generalement 
15 commercialise sous la denomination TEMPO, 

- le N-tertiobytyl-1-ph6nyl-2 methyl propyl nitroxyde, 

- le N-tertiobutyl-1-(2-naphtyl)-2-methyl propyl nitroxyde, 

- le N-tertiobutyl-1-diethylphosphono-2,2-dimethyl propyl nitr- 
oxyde, 

20 - le N-tertiobytyl-1-dibenzylphosphono-2,2-dimethyl propyl nitro- 
xyde, 

- le N-phenyl-1 -diethyl phosphono-2,2-dimethyl propyl nitro- 
xyde, 

- le N-ph<§nyl-1 -diethyl phosphono-1 -methyl <§thyl nitroxyde, 
25 - le N-{-1-phenyl2-m<§thylpropyl)-1 diethylphosphono-1 -methyl 

ethyl nitroxyde 

5. Procede selon Tune des revendications 2 a 4, caracterise en ce 
que le radical nitroxyde stable est le 2,2,6,6-tetramethyl-1- 
pip6ridinyloxy (TEMPO). 

30 6. Procede selon la revendication 1, caracte>ise" en ce que 
I'azodinitrile est le 2,2'azobisisobutyronitrile (AIBN). 

7. Procede selon la revendication 1, caracterise en ce que le 1,3- 
diene est le 1 ,3-butadiene. 

8. Proc6d6 selon la revendication 1, caracterise en ce que la 
3 5 polymerisation est effectuee en milieu disperse en melangeant 

I'amorceur et le radical libre stable dans un solvant, puis en 
introduisant le 1 ,3-diene puis le milieu reactionnel ainsi obtenu 
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est port6 a une temperature comprise entre 100°C et 150°C 
et, de presence comprise entre 1 10°C et 135°C. 

9. Proc6de selon la revendication 8, caracterise en ce que Ton 
opere sous des pressions allant de 5 bars a 50 bars et, de 
preference comprises entre 10 bars et 30 bars. 

10. Procede selon la revendication 8, caracterise en ce que la 
temperature est maintenue pendant une duree au moins egale a 
1 heure et, de preference, comprise entre 1h30min et 6 heures. 

1 1 . Procede selon Tune des revendications 1 ou 8, caracterise en ce 
que Ton utilise des quantites molaires d'amorceur comprises 
entre 0,1 % et 10 % et, de preference, comprises entre 0,2 % 
et 4 % par rapport au 1,3-diene mis en oeuvre. 

12. Procede selon I'une des revendications 1, 8 ou 1 1, caracteris6e 
en ce que Ton utilise des quantites molaires de radical libre 
stable telles que le rapport molaire radical libre stable/amorceur 
est compris entre 0,05 et 5 et, de preference compris entre 0,1 
et 2,5. 

13. Procede selon la revendication 8, caracterise en ce que 
I'amorceur est I'eau oxygenee, le radical libre stable est le 
2,2,6,6-tetramethyM-piperidinyloxy, le 1,3-diene est le 
butadiene et le solvant est I'isopropanol. 

14. Proc§d6 selon la revendication 8, caracterise en ce que 
ramorceur est I'azo-bisisobutyronitrile, le radical libre stable est 
le 2,2,6,6-tetramethyM-piperidinyloxy, le 1,3-diene est le 
butadiene et le solvant est le toluene. 

1 5. Oligom6res de 1,3-di6ne teiecheiiques obtenus selon I'une 
quelconque des revendications 1a 14 de formule : 



dans laquelle x est compris entrel et 2, n est compris entre 1 et 
500, 

I represente soit un hydroxyle -OH, soit un reste organique 
monovalent comportant un groupement nitrile -CN, M 
represente un reste divalent de 1 ,3-di6ne, >N-0- represente un 
reste alkoxyamine provenant d'un radical nitroxyde stable. 
1 6. Oligomers de 1 ,3-diene teiecheiiques de formule 
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dans laquelle x est compris entre 1 et 2, 
n est compris entre 1 et 500, 

I represente soit un hydroxyle -OH, soit un reste organique 
monovalent comportant un groupement nitrile -CN, 
5 M represente un reste divalent de 1 ,3-diene, obtenus par 

reduction par le zinc en milieu acetique des oligomeres de 1 ,3- 
diene telecheliques de formule (I) 

17, Oligomeres de 1 3-diene monohydroxyt<§lecheIiques de fomule 

10 

dans laquelle M represente le butadiene comprenant au plus 
20 %molaire de double liaisons de type vinylique pendante. 

1 8. Proc^de de recuperation du radical nitroxyde stable des 
oligomeres de 1 ,3-diene telecheliques de formule 

[l] x -[M] n -[ 0 -N<] 2 _ x (|) 

dans laquelle x est compris entre 1 et 2, n est compris entre 1 
et 500, 

I represente soit un hydroxyle -OH, soit un reste organique 
monovalent comportant un groupement nitrile -CN, 

20 M represente un reste divalent de 1 ,3-diene, >N-0- represente 
un reste alkoxyamine provenant d'un radical nitroxyde stable, 
caracterise en ce que Ton chauffe ledit oligomere de formule (I) 
a une temperature au moins egale a 150°C et, de preference 
comprise entre 160°C et 180°C, sous pression r6duite. 

25 1 9- Oligomeres de 1 ,3-diene telecheliques obtenus selon la 
revendication 1 8 de formule 

I — M m — X (III) 
dans laquelle I est le residu de I'amorceur, X le residu de 
I'amorceur ou d'une reaction de dismutation, m un nombre 

3 0 compris entre 1 et 1000. 

20. Utilisation des oligomeres de 1,3-difcne telecheliques de 

formule (I) pour la preparation de copolym6res di-ou multiblocs. 
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PROCESS FOR THE PREPARATION OF TELECHELIC 1,3-DIENE 

OLIGOMERS BY CONTROLLED RADICAL POLYMERIZATION OF 
1,3-DIENES IN THE PRESENCE OF A STABLE FREE RADICAL 

The present invention relates to a process 
5 for the preparation of telechelic 1,3-diene oligomers 
by radical polymerization of 1,3-dienes in the'presence 
of a stable free radical* 

The invention also relates, as novel 
products, to the said telechelic 1,3-diene oligomers 
0 and to their use for producing di- or multiblock 
copolymers . 

According to the present invention, the term 
"telechelic 1,3-diene oligomers" is understood to refer 
to oligomers bearing at one of their ends (or at both 
5 ends) functional groups capable of reacting with other 
molecules. 

As examples of such functional groups, 
mention may be made of hydroxyl (-OH) , cyano (-CN) , 
amine ( -NH 2 ) and carboxylic (-COOH) functions. 

0 a common method for obtaining such oligomers 

is to carry out the radical polymerization of 1,3- 
dienes by initiating the polymerization with a heat- 
sensitive radical initiator such as hydrogen peroxide 
(H 2 0 2 ) or an azodinitrile compound. 

!5 The functionality is thus provided by the 

initiator itself (H 2 0 2 ) or can result from a subsequent 
reaction (reduction of the nitrile functions provided 



2 

by the azodinitrile into -CH 2 NH 2 functions) . 

Thus , dihydroxytelechelic 1 , 3 -butadiene 
oligomers are obtained industrially by radical 
polymerization of butadiene initiated with hydrogen 
5 peroxide in alcoholic medium (US 3,392,118 - US 
3,427,366) . 

This approach leads to oligomers having a 
high polydispersity and high average functionality. 

In a polyurethane formulation, such products 
10 lead to materials that are more or less crosslinked due 
in particular to an excess of hydroxyl functions. 

Stable free radicals are compounds that are 
widely used in the case of radical polymerization in 
order to study the first steps of addition. In other 
15 words, they have made it possible to gain a better 
understanding of the initiation step: I* + M -> IM* 
where I is the radical derived from the initiator and M 
the monomer, by immediately blocking the growth of the 
radicals IM*. 

2 0 The literature reports many examples of such 

studies with monomers such as (meth) acrylates and 
styrene (E. Rizzardo et al . Aust . J. Chem. , Vol. 35, 
pp. 2013-2024, 1982) or vinyl monomers (G. Moad et al. 
Polymer Bulletin, Vol. 6, pp. 589-593, 1982). 

25 By way of illustration of such compounds, 

mention may be made of 2 , 2-diphenylpicrylhydrazyl 
(DPPH) and most especially nitroxides. 

Nitroxides have also been used in radical 
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polymerization in order to gain better control of the 



propagation step and in order to limit the standard 



termination reactions . 



The mechanism below is commonly proposed: 



r + m 



* !M # — ^> IM # 2 - 
4/TM itM 
IMT IIVUT 




> 



> 



•> 



5 where I is the radical derived from the initiator, M 
the monomer and T the nitroxide. 

Depending on the active species/trapped 
species equilibrium, the polymerization time can be 
extended considerably. This equilibrium is displaced by 
10 the nature of T, the solvent and the temperature. 
Nevertheless, in order to limit the termination 
reactions, the concentration of active species must 
remain low. 

Radical polymerization in the presence of 
15 nitroxide has been widely studied in particular for the 
polymerization of styrene . 

Thus, international patent application WO 
94/11412 describes a process for the radical 
polymerization of styrene, in particular in the 
20 presence of a stable free radical and benzoyl peroxide 
as polymerization initiator. 

The polystyrenes obtained have a narrow 
polydispersity (1.1 to 2) and high molecular masses 
(about 100, 000) . 
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The following references also relate to the 
radical polymerization of monomers such as polyolefins 
(US 5,449,724) and alkyl (meth) acrylates (US 5,412,047) 
in the presence of a nitroxide. 
5 A process has now been found for the 

preparation of telechelic 1,3-diene oligomers by 
controlled radical polymerization, the said process 
consisting in carrying out the radical polymerization 
of at least one 1,3-diene, in dispersed medium, with a 

10 heat- sensitive initiator such as hydrogen peroxide in 
aqueous solution or an azodinitrile, the said process 
being characterized in that it is performed in the 
presence of a stable free radical. 

By way of illustration of 1,3-dienes which 

15 can be used according to the present invention, mention 
may be made of 1 , 3 -butadiene , 2 , 3 -dimethyl -1, 3- 
butadiene, isoprene and 2- chloro-1 , 3 -butadiene . The 
present invention relates most particularly to the 
radical polymerization of 1, 3 -butadiene . 

20 By way of illustration of azodinitriles which 

can be used according to the present invention as 
polymerization initiator, mention may be made of: 

- 2,2' -azobisisobutyronitrile, 

- 2 , 2' -azobis (2-methylbutyronitrile) , 

25 - 2,2' -azobis (2, 4-dimethylvaleronitrile) , 

- 1, 1' -azobis (1-cyclohexanecarbonitrile) . 

2 , 2 ' -Azobisisobutyronitrile, referred to 
hereinbelow as AIBN, will preferably be used. 
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By way of illustration of stable free 
radicals which can be used according to the present 
invention, mention may be made of stable nitroxide 
radicals, which comprise the =N-0" group. According to 
the present invention, the stable nitroxide radical is 
chosen from the compounds represented by the following 
formulae : 




R 1\ ,R 2 



N 



in which Rl, R2, R3 , R4 , R'l and R'2, which may be 
identical or different, represent a halogen atom such 
as chlorine or bromine, a linear, branched or cyclic, 
saturated or unsaturated hydrocarbon group having a 
carbon number ranging from 1 to 10, such as an alkyl, 
cycloalkyl or phenyl radical, or an ester group -COOR 



or an alkoxy group -OR, or a phosphate group -P(0) (QR) 2 
in which R is a saturated aliphatic radical having a 
carbon number ranging from 1 to 3 ; and in which R5, RS , 
R7, R8, R9 and RIO, which may be identical or 
different, can have the same meaning as Rl, R2, R3 , R4 , 
R'l and R'2 or alternatively can represent a hydrogen 
atom, a hydroxyl group -OH or an acid group such as 
-COOH, -P(0)(OH) 2 or -S0 3 H. 

By way of illustration of such nitroxides, 
mention may be made of: 

- 2 , 2 , 5 , 5-tetramethyl-l-pyrrolidinyloxy (PROXYL) , 

- 2 , 2 , 6 , 6-tetramethyl-l-piperidyloxy, generally sold 
under the name TEMPO, 

- N-tert -butyl -1 -phenyl -2 -methylpropyl nitroxide, 

- N-tert-butyl-1- (2-naphthyl) -2 -methylpropyl nitroxide, 

- N-tert-butyl-l-diethylphosphono-2 , 2 -dimethylpropyl 
nitroxide , 

- N-tert-butyl-l-dibenzylphosphono-2, 2 -dimethylpropyl 
nitroxide, 

- N-phenyl-l-diethylphosphono-2 , 2 -dimethylpropyl 
nitroxide, 

- N'phenyl-l-diethylphosphono-l-methylethyl nitroxide, 

- N-l- (1 -phenyl -2 -methylpropyl) diethylphosphono-1- 
methylethyl nitroxide . 

TEMPO will preferably be used. 

According to a preferred mode of the 
invention, the polymerization is carried out in 
dispersed medium by mixing the initiator and the stable 
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free radical in a solvent, after which the 1,3-diene is 
introduced into the reaction medium which has been 
purged and/or degassed beforehand. 

The reaction is carried out under pressures 
5 ranging from 5 bar to 50 bar and preferably between 10 
bar and 3 0 bar. 

After introducing the 1,3-diene, the'reaction 
medium is brought to a temperature of between 100 °C and 
150°C, and preferably between 110°C and 135°C, for a 

10 period which is at least equal to 1 hour and preferably 
between 1 h 30 min and 6 hours. 

According to the present invention, the molar 
amounts of initiator used are between 0,1% and 10%, and 
preferably between 0.2% and 4%, relative to the 1,3- 

15 diene used. 

According to the present invention, molar - 
amounts of stable free radical are used such that the 
stable free radical/initiator molar ratio is between 
0.05 and 5 and preferably between 0.1 and 2.5. 

2 0 By way of illustration of solvents which can 

be used according to the present invention, mention may 
be made of alkanes; aromatic solvents such as benzene 
or toluene; alcohols such as ethanol, propanol, 
isopropanol or cyclohexanol; ketones such as acetone or 

2 5 methyl ethyl ketone; ethers such as dioxane; glycols 
and glycol ethers such as ethylene glycol dimethyl 
ether (glyme) or a mixture of at least two of the 
abovementioned compounds. 
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When the initiator is hydrogen peroxide, 



which is generally in aqueous solution, alcohols such 



as isopropanol or ketones such as methyl ethyl ketone 



are preferably used as solvent. 



5 



When the initiator is an azodinitrile, 



aromatic solvents such as benzene or toluene are 



preferably used. 



Depending on the polymerization conditions, 



and in particular the duration, the temperature and the 
10 amounts of reactants, in particular of initiator and of 
stable free radical, various number -average molecular 

masses Mfi and various degrees of conversion can be 
obtained. 

Thus, for given molar concentrations of 
15 initiator and of stable free radical, the number- 
average molecular mass Mn and the yield increase when 

the temperature increases for a fixed polymerization 
time. The stable free radical functionality is close to 
1. 

2 0 According to the present invention, the 

telechelic 1,3-diene oligomers obtained have the 
following general formula: 




(I) 



in which x is between 1 and 2 and n is between 1 and 
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500, 

I represents either a hydroxyl -OH, when the initiator 
is H 2 0 2 , 

or a monovalent organic residue containing a nitrile 
5 group -CN, when the initiator is an azodinitrile . Thus, 
when this initiator is AIBN, I = NC-C(CH 3 ) 2 -. 

M represents a divalent 1,3-diene re'sidue. 
Thus, in the case of butadiene, owing to the fact that 
the 1,3-dienes can undergo 1,4- or 1, 2 -polymerization, 
10 this will give cis and trans configurations in the case 
of 1, 4 -polymerization: 

-CH 2 -CH. 

- trans configuration: ^ ^^^/-mj pu 

CH-CH2" 



^ CH = CH 

cis configuration: 

" CH 2 ' ^CH 2 - 



and the formation of pendant vinyl -type double bonds in 
15 the case of 1, 2 -polymerization : 

- CH ? -CH- 

i 

CH CH Z 



There is a random distribution of the three 
structures with a molar percentage of vinyl -type double 
bonds close to 20%. 



Thus, with butadiene, the general formula (I) 
of the oligomers is as follows: 

[«lr-EcH2-CH - CH-CHzj^^-fcHa-CH ] a2n [ ON <l 2-x 

CH«CH2 

The process according to the present 
invention makes it possible to obtain telechelic 1,3- 

diene oligomers having number -average molar masses Mn 

of not more than 30,000 and preferably between 500 and 
10,000. The polydispersity Mw / Mn is less than 2 and 

preferably between 1.1 and 1.9. 

This polydispersity is less than that 
obtained, all factors being otherwise equal, with a 
polymerization in the absence of stable free radical. 

According to the present invention, the 
telechelic 1,3-diene oligomers of structure (I) can be 
reduced in particular by a zinc/acetic acid system, 
which is the standard method used for the reduction of 
alkoxyamines R-0-N<. In this way, difunctional 
telechelic 1,3-diene oligomers of general formula: 

[ , Jr-| M Jr-foH] 2 . x 

are obtained virtually quantitatively. 
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The amine H-N< obtained can be reoxidized 
into nitroxide and thus can be reused as stable free 
radical . 

However, this approach presents a few 
drawbacks such as, in particular, risks of acetolysis. 
It also involves an expensive operation, namely the 
regeneration of the nitroxide. 

It has now been found that it is possible to 
subject the telechelic 1,3-diene oligomer of formula 
(I) to a heat treatment. The said oligomer of formula 
(I) , in its natural state or alternatively in solution 
in an inert solvent, is brought to a temperature at 
least equal to 150°C and preferably between 160°C and 
180 °C, for a period which can range from 4 hours to 24 
15 hours under reduced pressure. 

The nitroxide is released quantitatively with 
a purity of greater than 80% and a telechelic 1,3-diene 
oligomer of formula: 

I - M m - X (III) 
20 is obtained, in which I is the residue of the initiator 
(-0H, for example, when the initiator is hydrogen 
peroxide) , X represents a residue of the initiator or 
of a dismutation reaction; m represents the new number- 
average degree of polymerization and is between 1 and 
25 1000. 

The oligomers of formula (III) generally have 
number- average molecular masses Mn higher than those 
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of the oligomers of formula (II) obtained by reduction 
of alkoxy amines. They also have a higher 
polydispersity . 



5 in particular by sublimation or distillation when the 
heat treatment is carried out without solvent, or 
alternatively by extraction using a selective -.solvent 
when the heat treatment is carried out in a solvent 
medium. 

10 The telechelic 1,3-diene oligomers of formula 

(I) can advantageously be used for the preparation of 

di- or multiblock copolymers. 

Indeed, the radical polymerization of the 

1,3-diene in the presence of a stable free radical 
15 leads to an alkoxyamine- terminated block which acts as 

macroinitiator . 



polymerizable monomer B such as styrene, 

a-methylstyrene , para-chloromethylstyrene , vinyltoluene 
20 or a different 1,3-diene and polymerization of the said 
monomer can be carried out in the presence of the 
oligomer of formula (I) , to obtain a block copolymer of 
formula : 



The nitroxide can thus be readily recovered 



A block of formula (I) can be mixed with a 




(IV) 



25 



When the initiator is H 2 0 2 , I is equal to -OH, 
and if the reduction of the alkoxyamine is carried out 
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using the Zn/acetic acid couple, this will give a 
telechelic diblock copolymer MB of formula: 

H (V) 

Such block copolymers are preferably prepared 
in bulk, by heating the oligomer of formula (I)' with 
the polymerizable monomer B at a temperature at least 
equal to 100°C and preferably between 110°C and 150°C, 
preferably under an inert atmosphere. 

The process may be performed at atmospheric 
pressure or under pressure. 

The polymerization parameters such as the 
concentration of oligomer block of formula (I), the 
temperature and the polymerization time make it 
possible to adjust the length of the block B and the 
degree of polymerization p. 

The examples which follow illustrate the 

invention: 

* The polydispersity index Ip is the ratio of the 
weight -average molecular mass Mw to the number- 
average molecular mass Mn which have been determined 

by gel permeation chromatography (GPC) . The standard is 
polystyrene in terms of polybutadiene equivalent . 

* The hydroxyl index I 0H/ expressed in meq/g # was 
determined by acetylation with acetic anhydride in 
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pyridine medium. 

* The products were identified by proton ( X H) nuclear 
magnetic resonance (NMR) on a Bruker® AC machine. 

The frequency for the proton is equal to 

250 MHz. 

CDC1 3 was used as solvent. 

EXAMPLE 1 

The following are introduced into a 3 00 ml 
stainless-steel reactor fitted with a stirrer, an 
introduction tube, a jacket in which a heat-exchange 
fluid circulates, and connections for measuring 
temperature and pressure : 

9.07 g of 30% aqueous hydrogen peroxide 
solution, i.e. 0.08 mol of 100% H 2 0 2 , 

1.88 g (i.e. 0.012 mol) of 2,2,6,6- 
tetramethylpiperidyloxy (referred to hereinbelow as 
TEMPO) and 33.7 g (i.e. 0.56 mol) of isopropanol . 

The reactor is closed and then purged with 
nitrogen for 15 minutes. 

54 g (i.e. 1 mol) of butadiene are then 
introduced into the reactor at -40°C. 

The reaction medium is heated to 130 °C and 
then maintained at this temperature for 4 hours. During 
this time, the pressure changes from 26 bar to 19 bar. 
The reaction medium is cooled to room temperature and 
is then degassed. The crude reaction mixture is 
separated out after settling has taken place over 24 
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hours . The denser organic phase is recovered and then 
evaporated under reduced pressure at 40°C in a rotary 
evaporator, and then under a pressure of 0.01 bar at 
about 25 °C. 27 g of a 2 , 2 , 6 , 6 - tetramethylpiperidyloxy- 
5 hydroxytelechelic 1 , 3 -butadiene oligomer are obtained, 
which product has the following physicochemical 
characteristics : 

Mn (GPC) = 1700 

Ip = 1.7 
10 * X H NMR 

6 = 1.15 ppm (doublet) 12 H of the CH 3 groups of TEMPO 
6 = 3.55 to 4.32 ppm (multiplet) -CH 2 0- 
6 = 4.8 to 5.1 ppm (multiplet) -CH = CH 2 
6 = 5.25 to 5.7 ppm (unresolved multiplet) -CH = CH- 
15 (cis and trans) and -CH = CH 2 



in which n = 3 0 . 

I 0H = 0.61 meq/g, which corresponds to an average 
functionality in terms of hydroxyl functions of 1.03 

calculated from the Mr! obtained by GPC . 



The integration allows the oligomer to be 
assigned the following formula: 
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EXAMPLE 2 

5 g of the 2 , 2 , 6 , 6 - tetramethylpiperidyloxy- 
hydroxytelechelic 1 , 3 -butadiene oligomer obtained in 
Example 1 are introduced into a 100 ml three-necked 
5 flask fitted with a thermometer, a condenser and a 
stirrer and containing 2 0 ml of acetic acid. 

The mixture is heated to 80°C and 1 -g' of zinc 
powder is then introduced in a single portion. After 
reaction for 2 hours, the medium is filtered. The 
10 filtrate is concentrated under reduced pressure to 

constant weight. The residue is dissolved in hexane and 
then extracted with 10% hydrochloric acid. The organic 
phase is dried over sulphate and then evaporated under 
reduced pressure at 4 0°C on a rotary evaporator. 
15 4.8 g of a dihydroxytelechelic 1, 3 -butadiene 

oligomer are obtained. 

Proton NMR analysis indicates the 
disappearance of the piperidyl ring and the integration 
allows the oligomer to be assigned the following 
20 formula: 




in which n = 30 . 
I 0H = 1-18 meq/g 
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Mn (GPC) = 1700. 



Ip = 1.7. 

The average functionality in terms of OH 
functions, calculated from Mn (GPC) , is equal to 2 



5 EXAMPLE 3 (NOT IN ACCORDANCE WITH THE INVENTION) ... 

The process is performed as in Example 1 but 
in the absence of TEMPO . 

The following are introduced into the reactor 

used in Example 1 
10 - 9.07 g of 30% aqueous hydrogen peroxide solution, 

i.e. 0.08 raol of 100% H 2 0 2/ and 

- 33.7 g (i.e. 0.56 mol) of isopropanol . 

The reactor is closed and then purged with 

nitrogen for 15 minutes. 
15 54 g (i.e. a mol) of butadiene are then 

introduced into the reactor at -40 °C. 

The reaction medium is heated to 13 0°C and 

then maintained at this temperature for 1 h 30 min. 

During this time, the pressure changes from 26 bar to 
20 16 bar. The reaction medium is cooled to room 

temperature and is then degassed. The crude reaction 

mixture is separated out after settling has taken place 

over 24 hours. The denser organic phase is recovered 

and then evaporated under reduced pressure at 40 °C in a 
25 rotary evaporator, and then under a pressure of 0.01 
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bar at about 25°C. 35 g of a dihydroxytelechelic 1,3- 
butadiene oligomer are obtained, which product has the 
following physicochemical characteristics: 

Mn (GPC) = 2800 

Ip = 2.8 
* X H NMR 

6 = 3.55 to 4.2 ppm (multiplets) -CH 2 0- 

5 = 4.8 to 5.1 ppm (multiplet) -CH = CH 2 

6 = 5.25 to 5.7 ppm (unresolved multiplet) -CH = CH- 
(cis and trans) and -CH = CH 2 

The integration allows the oligomer to be 
assigned the following formula: 




in which n = 52 
I oh = 0 . 84 meq/g 

The average functionality in terms of OH 

functions, calculated from Mn (GPC) is equal to 2.35. 
EXAMPLE 4 

* Recovery of the TEMPO according to the present 
invention. 

250 g of the 2 , 2 , 6 , 6 - tetramethylpiperidyloxy- 
hydroxytelechelic 1 , 3 -butadiene oligomer, prepared 
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according to Example 1 and having identical 
physicochemical characteristics, are treated at 165°C 
under a reduced pressure of 5 mbar in a thin- layer 
evaporator for 5 hours. 
5 The product recovered almost quantitatively 

has the following physicochemical characteristics: 

Mn (GPC) = 2200 

Ip = 3.4 
I 0H = 0 . 59 

10 X H NMR analysis shows the total disappearance 

of the piper idyl ring. 

The average functionality in terms of OH 

functions, calculated from Mn (GPC) , is equal to 
1.29. 

15 The TEMPO is recovered in total at the head 

of the evaporator, in a purity of 80%, controlled by 
liquid chromatography on a Kromasil C18 column. 

EXAMPLE 5 

The following are introduced into the reactor 
2 0 used in Example 1: 

- 1.64 g (i.e. 0.01 mol) of 

azobisisobutyronitrile (referred to hereinbelow as 
AIBN) , 

- 2.93 g (i.e. 0.019 mol) of TEMPO, and 
25 - 43.7 g (i.e. 0.56 mol) of benzene. 
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The reactor is closed and then purged with 
nitrogen for 15 minutes. 54 g (i.e. 1 mol) of butadiene 
are then introduced into the reactor at -40°C. The 
reaction medium is heated to 130 °C and then maintained 
5 at this temperature for 4 hours. During this time, the 
pressure remains constant at 27 bar. The reaction 
medium is cooled to room temperature and is th£h 
degassed. The crude reaction mixture is evaporated 
under reduced pressure at 40 °C in a rotary evaporator, 
10 and then under a reduced pressure of 0.01 bar at about 
25°C. 13.5 g of a 2 , 2 , 6 , 6 - tetramethylpiperidyloxy- 
telechelic 1, 3 -butadiene oligomer are obtained, which 
product has the following physicochemical 
characteristics : 

15 Mn (GPC) = 850 

Ip = 1.3 
* X H NMR 

6 = 1.15 ppm (doublet) 12H of the CH 3 groups of TEMPO 
6 = 1.30 ppm (multiplet) 6H of the CH 3 groups of AIBN 
20 5 = 4.8 to 5.1 ppm (multiplet) -CH = CH 2 

6 = 5.25 to 5.7 ppm (unresolved multiplet) -CH = CH- 
(cis and trans) and -CH = CH 2 

5 = 4.20 to 4.30 ppm (unresolved multiplet) aminoxyl 
termination. 

25 The integration allows the oligomer to be 

assigned the following formula: 




in which n = 10. 
EXAMPLE 6 

The product of Example 5 is reduced with zinc 
in acetic acid medium according to the operating 
5 conditions of Example 2. A cyanohydroxytelechelic 1,3- 
butadiene oligomer is obtained. Proton NMR analysis 
indicates the disappearance of the piperidyl ring and 
the integration allows the oligomer to be assigned the 
following formula : 




10 EXAMPLE 7 (NOT IN ACCORDANCE WITH THE INVENTION) 

The process is performed as in Example 5, but 
without TEMPO. 

The following are introduced into the reactor 
- 1.64 g (i.e. 0.01 mol) of AIBN, and 
15 - 43.7 g of benzene. 

The reactor is closed and then purged with 
nitrogen for 15 minutes. 54 g (i.e. 1 mol) of butadiene 



are then introduced into the reactor at -40°C. The 
reaction medium is heated to 130°C and then maintained 
at this temperature for 1 h 30 min. During this time, 
the pressure remains constant at 27 bar. The reaction 
5 medium is cooled to room temperature and is then 

degassed. The crude reaction mixture is evaporated 
under reduced pressure at 4 0 °C in a rotary evaporator, 
and then under a reduced pressure of 0.01 bar at about 
2 5°C. 15 g of a dicyanotelechelic 1, 3 -butadiene 
10 oligomer are obtained, which product has the following 
physicochemical characteristics: 

_Mn (GPC) = 1000 

Ip = 2.3 
* X H NMR 

15 6 = 1.3 0 ppm (multiplet) 12H of the CH 3 groups of AIBN 
6 = 4.8 to 5.1 ppm (multiplet) -CH = CH 2 
6 = 5.25 to 5.7 ppm (unresolved multiplet) -CH = CH 
(cis and trans) and -CH = CH 2 



The integration allows the oligomer to be 
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assigned the following formula: 




CHj— GH=CH-CHH hCHj—CH 




in which n = 18 . 



EXAMPLES 8 AND 9 

The process is performed as in Example 1 
(same amount of reactants) but under different 
operating conditions . 

These conditions and results obtained are 
reported in Table 1 below: 





Operating conditions 


Mn 


Yield - 


IP 


Temperature 
<°C) 


Duration 
(hours) 


(GPC) 


(%) 




Example 8 


120 


4 


1650 


25 


i:7 


Example 9 


110 


4 


1360 


13 


1.7 



TABLE 1 



EXAMPLE 10 

* Use of the 2,2,6,6- tetramethylpiperidyloxyhydroxy- 
telechelic 1 # 3 -butadiene oligomer obtained in Example 1 
for the synthesis of a butadiene styrene diblock 
copolymer. 

10 g of the oligomer obtained in Example 1 
are introduced into a 100 ml three-necked flask fitted 
with a condenser, a stirrer and a nitrogen inlet, 
followed by 30 g of styrene. 

The system is purged with nitrogen. 

The reaction medium is heated to 130 °C and 
then maintained at this temperature for 7 h 30 min. 

After cooling, the reaction medium is poured 
into 500 ml of methanol. 
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The precipitated product is washed and then 

dried. 

17.5 g of a product are obtained, this 
product having the following physicochemical 
5 characteristics : 

Mn (GPC) = 4000 
Ip = 1.7. 

The starting oligomer has totally disappeared 
(GPC analysis) . 
10 * *H NMR 

^■H NMR analysis allows the exact proportions 
of butadiene and styrene to be calculated from the 
peaks at 6.9 ppm (protons of the aromatic rings of 
styrene) and at 5.4 ppm and 5 ppm (ethylenic protons of 
15 the polybutadiene block) . 

The molar and mass percentages are as 

follows: 

- molar percentage of butadiene: 31.5% 

- mass percentage of butadiene: 19.3% 
2 0 i.e. the composition of the block copolymer: 

Mn of the polybutadiene block: 1700 

Mn of the polystyrene block: 7100. 

This block copolymer can be represented by 
the following formula: 
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HQ 




Evaluation of the mechanical properties of the " ' 



polvurethanes obtained with the dihvdroxvtelechelic 



1 , 3 -butadiene oligomers obtained according to 



Examples 2 and 4 . 



5 



Polyurethanes were prepared from the 



following products: 

- PB2 : dihydroxytelechelic 1 , 3 -butadiene oligomer of 
Example 2 

- PB4 : dihydroxytelechelic 1 , 3 -butadiene oligomer of 
10 Example 4 

- Poly Bd® R45HT and Poly Bd® R20TLM: dihydrotelechelic 
1, 3 -butadiene oligomers sold by the company Elf Atochem 



15 methylene diisocyanate (referred to hereinbelow as MDI) 
using a molar ratio of -NCO functions to -OH functions 
equal to 1.05. 

The characteristics of the various starting 
oligomers and the amounts of MDI used for each test are 
20 given in Table 2. 

In this table: 



S.A. 



These 4 oligomers were polycondensed with 



Mn is the number- average mass determined 

by GPC 

- Ip = Mw / Mn 

- I 0H is the hydroxyl index, expressed in 
roeq/g, determined by acetylation 

- mass of MDI (in g) calculated per 50 g of 
oligomer used: 



OLIGOMER 


Mn 


IP 


I (OH) 
(meq/g) 


Mass of MDI 

(g) 


R4 5HT 


2800 


2.9 


0 . 84 


6 . 02 


R2 0LM 


1220 


3 


1. 69 


11.6 


PB2 


1700 


1.7 


1.18 


8 .24 


PB4 


2200 


3.4 


0.59 


4.38 



TABLE 2 

Synthesis of polvurethanes 

50 g of dihydroxytelechelic 1,3-diene 
oligomer are loaded into a glass reactor fitted with a 
mechanical stirrer, a thermocouple and a vacuum line. 

The oligomer is degassed at 8 0 °C under a 
reduced pressure equal to 10 mbar for 1 hour. It is 
then brought to 50 °C. 

The required mass of MDI as mentioned in 
Table 2 is then added in a single portion.. 

The MDI was preheated to about 50 °C, as was 
the container used for the weighing (the melting point 
of MDI being about 45°C) . The reaction medium is 
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stirred under reduced pressure for 4 to 5 minutes so as 

to obtain a homogeneous, bubble -free mixture. 

The reactor is opened and the mixture is 

poured into a stainless-steel mould 100 x 100 x 2 mm in 

5 size precoated with a demoulding agent. 

The product is left for 24 hours at room 

temperature and then treated at 80°C in a ventilated 

oven for 24 hours and then for 48 hours at room 

temperature, after which standardized dumb-bells are 

10 cut out using a sample punch, on which the elongation 

at break e (expressed in %) and the breaking strain a 

(expressed in MPa) were measured according to ISO 

standard 527: 1993 type 1BA (1 kN measuring cell and 

traction speed equal to 5 mm/min) . 

15 The results obtained are collated in Table 3 

below. 

Table 3 also gives the content of insoluble 
material CI, expressed in %. 

This content of insoluble material is 
obtained according to the following procedure: 

About 1 g of polyurethane taken from a plate, 
synthesized as described above, are weighed into a 
round- bottomed flask, along with 100 ml of DMF. The 
mixture is refluxed for 24 hours. 

The solution thus obtained is filtered and 
the insoluble polyurethane fraction is placed in a 
vacuum oven for 6 hours at 8 0°C. 

The dried insoluble residue is then weighed 
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25 
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in order to determine the content of insoluble material 
by dividing by the mass of polyurethane initially 
introduced. 



POLYURETHANE 


MECHANICAL PROPERTIES 


CI 


OBTAINED WITH: 


€ (%) 


a (MPa) 


(%) 


R 45 HT 


120 ± 20 


0.97 ± 0.1 


80 . 


R 20 LM 


138 ± 24 


0.96 ± 0.1 


85 


PB - 2 


195 ± 21 


0.86 ± 0.1 


55 


PB - 4 


192 ± 23 


0 .89 ± 0.1 


62 



10 TABLE 3 

Although the invention has been described in 
conjunction with specific embodiments, it is 
evident that many alternatives and variations 
will be apparent to those skilled in the art in 
15 light of the foregoing description. Accordingly, 
the invention is intended to embrace all of the 
alternatives and variations that fall within the 
spirit and scope of the appended claims . The 
above references are hereby incorporated by 
2 0 reference . 



CLAIMS 



1. Process for the preparation of 
telechelic 1,3-diene oligomers by controlled radical 
polymerization, the said process consisting in carrying 
out the radical polymerization of at least one 1,3- 
diene, in dispersed medium, with a heat-sensitive 
initiator such as hydrogen peroxide in aqueous solution 
or an azodinitrile, the said process being 
characterized in that it is performed in the presence 
of a stable free radical. 

2. Process according to Claim 1, 
characterized in that the stable free radical is a 
stable nitroxide radical which comprises the =N-0 * 
group . 

3. Process according to Claim 2, 
characterized in that the stable nitroxide radical is 
chosen from the compounds represented by the following 
formulae : 




in which Rl, R2 , R3 , R4 , R'l and R'2, which may be 
identical or different, represent a halogen atom such 
as chlorine or bromine, a linear, branched or cyclic, 
saturated or unsaturated hydrocarbon group having a 
5 carbon number ranging from 1 to 10, such as an alkyl, 
cycloalkyl or phenyl radical, or an ester group -COOR 
or an alkoxy group -OR, or a phosphate group -P(0) (OR) 2 
in which R is a saturated aliphatic radical having a 
carbon number ranging from 1 to 3 ; and in which R5, R6 , 
10 R7, R8, R9 and RIO, which may be identical or 

different, can have the same meaning as Rl> R2, R3 , R4 , 
R'l and R'2 or alternatively can represent a hydrogen 
atom, a hydroxy 1 group -OH or an acid group such as 
-C00H, -P(O) (OH) 2 or -S0 3 H. 
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4 . Process according to either of Claims 2 
and 3, characterized in that the stable nitroxide 
radicals are: 

- 2, 2, 5, 5-tetramethyl-l-pyrrolidyloxy (PROXYL) , 

5 - 2, 2, 6, 6- tetramethyl-l-piperidyloxy, generally sold 
under the name TEMPO, 

- N-tert -butyl -1 -phenyl -2 -methylpropyl nitroxide, 

- N-tert-butyl-l- (2 -naphthyl) -2 -methylpropyl nitroxide, 

- N-tert-butyl-l-diethylphosphono-2, 2 -dimethylpropyl 
10 nitroxide, 

- N-tert-butyl-l-dibenzylphosphono-2, 2 -dimethylpropyl 
nitroxide, 

- N-phenyl-l-diethylphosphono-2, 2 -dimethylpropyl 
nitroxide, 

15 - N-phenyl-l-diethylphosphono-l-methylethyl nitroxide, 

- N-l- ( 1 -phenyl -2 -methylpropyl ) diethylphosphono-1- 
methylethyl nitroxide. 

5. Process according to one of Claims 2 to 
4, characterized in that the stable nitroxide radical 

20 is 2, 2, 6 , 6-tetramethyl-l-piperidyloxy (TEMPO), 

6. Process according to Claim 1, 
characterized in that the azodinitrile is 2,2'- 
azobisisobutyronitrile (AIBN) . 

7. Process according to Claim 1, 

25 characterized in that the 1,3-diene is 1 , 3 -butadiene . 

8. Process according to Claim 1, 
characterized in that the polymerization is carried out 
in dispersed medium by mixing the initiator and the 
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stable free radical in a solvent, followed by- 
introducing the 1,3-diene, and the reaction medium thus 
obtained is then brought to a temperature of between 
100°C and 150°C and preferably between 110°C and 135°C. 

9. Process according to Claim 8, 
characterized in that it is performed at pressures 
ranging from 5 bar to 50 bar and preferably between 10 
bar and 3 0 bar. 

10. Process according to Claim 8, 
characterized in that the temperature is maintained for 
a period at least equal to 1 hour and preferably 
between 1 h 30 min and 6 hours. 

11. Process according to either of Claims 1 
and 8, characterized in that the molar amounts of 
initiator used are between 0.1% and 10%, and preferably 
between 0.2% and 4%, relative to the 1,3-diene used. 

12. Process according to one of Claims 1, 8 
and 11, characterized in that molar amounts of stable 
free radical are used such that the stable free 
radical/initiator molar ratio is between 0.05 and 5 and 
preferably between 0 . 1 and 2.5. 

13. Process according to Claim 8, 
characterized in that the initiator is hydrogen 
peroxide in aqueous solution, the stable free radical 
is 2., 2 , 6 , 6-tetramethyl-l-piperidyloxy, the 1,3-diene is 
butadiene and the solvent is isopropanol. 

14. Process according to Claim 8, 
characterized in that the initiator is 
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azobisisobutyronitrile, the stable free radical is 
2 , 2 , 6 , 6-tetramethyl-l-piperidyloxy, the 1,3-diene is 
butadiene and the solvent is toluene. 

15. Telechelic 1,3-diene oligomers obtained 
5 according to any one of Claims 1 to 14, of formula: 

[ l 3x-C M 3n-{o-N<] 2 . x (|) 

in which x is between 1 and 2 and n is between 1 and 
500, 

I represents either a hydroxyl -OH, or a monovalent 
organic residue containing a nitrile group -CN, M 
10 represents a divalent 1,3-diene residue and >N-0- 

represents an alkoxyamine residue derived from a stable 
nitroxide radical. 

16. Telechelic 1,3-diene oligomers of formula 

in which x is between 1 and 2/ 

15 n is between 1 and 500, 

I represents either a hydroxyl -OH, or a monovalent 
organic residue containing a nitrile group -CN, 
M represents a divalent 1,3-diene residue, which are 
obtained by reduction with zinc in acetic medium of 

20 telechelic 1,3-diene oligomers of formula (I). 

17. Monohydroxytelechelic 1,3-diene 
oligomers of formula 
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in which M represents butadiene, comprising not more 
than 20 mol% of double bonds of pendant vinyl type. 

18 . Process for recovering the stable 
nitroxide radical from telechelic 1,3-diene oligomers 
5 of formula 
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□ x-[*4-[°- N <] 



2-x (I) 



in which x is between 1 and 2 and n is between 1 and 
500, 

I represents either a hydroxyl -OH, or a monovalent 
organic residue containing a nitrile group -CN, M 

10 represents a divalent 1,3-diene residue and ^-CD- 
represents an alkoxyamine residue derived from a stable 
nitroxide radical, characterized in that the said 
oligomer of formula (I) is heated to a temperature at 
least equal to 150°C and preferably between 160°C and 

15 180°C, under reduced pressure. 

19. Telechelic 1,3-diene oligomers obtained 

according to Claim 18, of formula 

I - Hn - X (HI) 
in which I is the residue of the initiator, X is the 
residue of the initiator or of a dismutation reaction, 
and m is a number between 1 and 1000. 

20. Use of telechelic 1,3-diene oligomers of 
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formula (I) for the preparation of di- or multiblock 
copolymers . 




ABSTRACT 

PROCESS FOR THE PREPARATION OF TELECHELIC 1,3-DIENE 

OLIGOMERS BY CONTROLLED RADICAL POLYMERIZATION OF 
1,3-DIENES IN THE PRESENCE OF A STABLE FREE RADICAL 

The present invention relates to a process 
for the preparation of telechelic 1,3-diene oligomers 
consisting in carrying out the radical polymerization 
of at least one 1,3-diene with a heat-sensitive 
initiator, such as hydrogen peroxide in aqueous 
solution, in the presence of a stable nitroxide 
radical . 

The invention also relates, as novel 
products, to the said telechelic 1,3-diene oligomers 
and to their use for producing di- or multiblock 
copolymers. 



